• AIM: To investigate the prevalence of pseudoexfoliation syndrome (PEX) and its associations with ocular and systemic diseases in a population sample aged over 40y.
INTRODUCTION
P seudoexfoliation syndrome (PEX), as defined by Lindberg in 1917, is a clinical entity characterized by the deposition of whitish-grey extracellular fibrins in the anterior chamber of the eye and is commonly observed in older-aged patients [1] [2] . Extracellular material (EM) has been shown in the anterior lens capsule and pupillae, as well as in the conjunctiva, cornea, trabeculum, iris, ciliary body, front surface of the vitreous, posterior ciliary arterial walls, vortex veins, central retinal artery, optic nerve sheets, orbital connective tissue septum, extraocular muscles and eyelid skin [1] [2] . Presence of EM has been shown not only in the eyes but also in the heart, lungs, liver, kidneys and meninges by using light/ electron microscopes and immunohistochemical/biochemical methods [2] [3] [4] . Complications associated with secondary glaucoma, cataract and cataract surgery may develop in the eyes of PEX patients; the frequent occurrence of hypertension (HT), angina, myocardial infarction (MI), stroke, hearing loss and retinal vein thrombosis in PEX cases suggests the systemic feature of PEX [2] [3] [4] .
Factors that lead to the development of PEX have not been fully identified. A LOXL1 gene polymorphism has been detected in PEX cases [1] [2] . PEX is a complex disease and the impact of environmental factors are also being considered in the pathology of PEX [1] [2] . The definition and recognition of PEX (that affects eyes and other organ systems) incidence in the population is important for the prevention of potential complications. PEX is a clinical condition that is commonly observed in people older than 50 years of age, and the incidence of PEX increases with age [5] . The variation of incidence and prevalence of PEX in different countries and even in different regions of the same country has been shown by previous studies [6] . Prevalence rates of PEX over the age of 60 are 25% in Iceland, 20% in Finland, 0 in Inuit population, 4.7% in Germany, 6.3% in Norway and 4% in England [5, [7] [8] [9] . In our country trials, the prevalence of PEX is generally hospital-based. The prevalence rate of PEX was Pseudoexfoliation prevalence in Eskisehir reported as 7.2% in those aged 50-60 and 11.2% in those over 60y in Çukurova, while it was reported as 11% in those over 50 in Istanbul [10] [11] . We aimed to obtain data on the prevalence rates of PEX and its association with ocular and systemic diseases in our region by a randomized, population-based study.
SUBJECTS AND METHODS
This study was performed in accordance with the Declaration of Helsinki and was approved by the Eskisehir Osmangazi University Medical Ethics Committee. The Turkish Statistical Agency identified households and persons older than 40 years of age as the final sampling unit in the randomization of Eskişehir. A stratified, two-stage cluster sampling method was used. The sampling frame used in this study was based on the National Address Database (UAVT), which was constituted by the Address Based Population Registration System (ADNKS), and was updated every six months (February and August (2) is the design effect and nr is the non-responders proportion. The sample volume of this study was found to be 2356 (included 15% nonresponders) by this formulation. For the randomization of patients over 40 who reside in Eskişehir, we obtained the address information of 2356 residents of a total of 42 neighborhoods in Tepebaşi Town, 35 neighborhoods in Odunpazari Town and 39 villageneighborhoods in a total of 12 towns. Leaflets with information on the study were delivered to mukhtars of the neighborhood before the initiation of the study in June 2015. They were told to distribute these leaflets to randomized household addresses. In addition, they were informed about PEX disease, symptoms related to the eyes and the association with systemic disease in an attempt to increase awareness. Osmangazi University (Eskisehir) provided bus transportation for the participants. Participants were examined in a clinical room devoted to this study in the Department of Ophthalmology at Osmangazi University. Pentacam (Oculus HR, SN:183002, Germany), anterior segment slit lamp (Topconsl-D7, SN:1613331, Japan) and rebound tonometer (Icare TA01İ, SN:1108CA076, Finland) were used for the examination of the participants. A questionnaire was conducted by a trained nurse. Questions regarding age, gender, smoking, height, weight, presence of a diagnosed chronic disease, regular drug/drugs use, history of a stroke and/or a MI, previous angioplasty, a previous cataract surgery, glaucoma diagnosis and anti-glaucomatous drops use were asked and recorded in this questionnaire.
Then, central corneal thickness (CCT) and anterior chamber depths (ACD) of both eyes were measured by the Pentacam. Intraocular pressure (IOP) of both eyes was measured 5 times by using an Icare tonometry. If the results of any of the measurements were different from each other, the measurements were repeated. The pupillae of both eyes were dilated with one drop of mydriatic drops (tropicamide 0.1%). After pupillary dilation, the anterior segment and lenses were evaluated using a slit lamp. Fundus examination was performed in all cases. Humphrey automated perimetry was performed to confirm or diagnosis glaucoma, if required. PEX patients who had complaints of hearing loss were referred to the ENT clinic for consultation and a hearing test. The presence of white fluffy dandruff-like material on one or more anterior segment structures, including the pupillary border, the lens capsule, or the angle, was the criterion used to diagnose PEX. Optic nerve or nerve fiber layer defects, or glaucomatous visual field defects were used to diagnose glaucoma. Elevated IOP was not required. Ocular hypertension (OHT) was defined as an IOP of greater than 21 mm Hg and the absence of optic nerve alteratations or visula field defects. All case results were recorded on case record forms. The eyes that underwent cataract surgery before were considered as having a diagnosis of cataract. The involved eyes of unilateral PEX cases and the right eyes of bilateral PEX and normal cases were included in the statistical analysis. The Kolmogorov-Smirnov test was used to determine the compliance of continuous variables to a normal distribution. Comparisons of variables that were distributed normally between groups were evaluated using Student's t-test and a one way variance analysis in paired (according to number of groups) or independent samplings. For multiple comparisons, the Tukey Honest Significant Difference test was used. The Mann-Whitney U, Wilcoxon T and Kruskal-Wallis tests were performed to compare variables that were not distributed normally between groups. The Dunn test was used for multiple comparisons. Categorical variables between groups were compared using a Chi-square test. Odds ratios were found by using logistic regression analysis. P<0.05 was accepted as statistically significant. All analyses were performed using the software IBM SPSS Statistic, version 21.0. RESULTS The target population was 820 000 subjects. Of the 2356 randomized subjects, 2017 (85.6%) participated. Eight of the 2017 participants were excluded (2 have posterior synechiae, 2 have corneal opacity, 1 has narrow-angle glaucoma, 1 has adenoviral conjunctivitis, one eye of 1 participant eviscerated and 1 did not cooperate). A total of 4018 eyes from 2009 participants were evaluated in the Ophthalmology Department of Osmangazi University, Eskisehir.
The demographic characteristics of participants are summarized in Table 1 . We diagnosed PEX in 100 of 2009 participants (5.0%). The mean age of the 100 patients with PEX was 69.1±9.9 (41-87)y, whereas it was 59.2±10.9 (41-85)y for the 1909 patients without PEX. The difference was statistically significant (P<0.001). The increasing risk of PEX incidence based on age range is shown in Table 2 . The prevalence of PEX was found to be 5.0% for patients ≥40 years old (PEX n=100 of 2009 cases), whereas it was 6.1% for those ≥50 years old (PEX n=98 of 1600 cases), 8.6% for those ≥60 years old (PEX n=82 of 957 cases), 12.5% for those ≥70 years old (PEX n=53 of 425 cases) and 18.4% for those ≥80 years old (PEX n=18 of 98 cases). The risk of PEX occurrence based on age (odds ratio) was referenced at the 40-49 age range, whereas it was 45.78 at the age over 80. Of 100 PEX cases, 62 (62.0%) had unilateral involvement and 38 (38.0%) had bilateral involvement; thus, the number of unilateral involved eyes was more (P=0.021). Thirty-five cases involved the right eye, and 27 cases involved the left eye of the 62 cases with unilateral involvement. The difference of right or left eye was not significant (P>0.05). Table 3 shows the data on IOP, CCT, ACD and cataracts of cases with PEX and non-PEX. The prevalence of a cataract was significantly higher in the PEX group (55/100 vs 668/1909), and the presence of PEX increased the risk of developing cataracts by 2.3 (odds ratio). None of the cataracts precluded visualization of the posterior pole. The 1.7% (n=33) of 1909 non-PEX participants had glaucoma and 0.5% (n=9) had OHT, while 26.0% (n=26) of PEX patients had glaucoma and 1.0% (n=1) had OHT. The prevalence of glaucoma was higher in PEX cases (P<0.001). The prevalence of glaucoma in the PEX group was found to be 26.5% in patients over 50 (n=26 of 98 cases), 26.8% in patients over 60 (n=22 of 82 cases), 30.2% in patients over 70 (n=16 of 53 cases) and 55.6% in patients over 80 (n=10 of 18 cases). The prevalence of glaucoma increased with age in PEX patients. The prevalence of glaucoma in non-PEX group was found to be 2.0% in patients over 50 (n=30), 2.9% in patients over 60 (n=25), 1.9% in patients over 70 (n=7) and 2.5% in patients over 80 years old (n=2). Of 26 PEX patients who had associated glaucoma, 14 (53.8%) were female and 12 (46.2%) were male. No significant difference was found (P>0.05). Fourteen (36.8%) of 38 bilateral PEX patients and 12 (19.4%) of 62 unilateral PEX patients had glaucoma (P>0.05). The prevalence of glaucoma was higher in patients with bilateral PEX. Comparisons of demographic data, such as the presence of systemic diseases, drug use, smoking and body mass index, are shown in Table 4 .
There were statistically significant differences between PEX and non-PEX participants in the number of drugs used for systemic HT, cardiac and psychiatric conditions (P<0.05). 
DISCUSSION
There are many studies on the incidence and prevalence of PEX in different populations, but there is no homogeneous distribution of results of studies. The incidence and prevalence of PEX vary even in different sites of the same population. The prevalence of PEX is estimated to be 5% to 20% regardless of geographical features. The other important result is the increase of prevalence of PEX over the age of 50. A variety of study results may be explained by differences in geographical, ethnic and race features, as well as age and gender distributions of the examined participants and a variety of methods and criteria that are used to diagnose PEX [12] [13] [14] . In our study, the prevalence of PEX was 5.0% in 2009 participants over the age of 40. This result is greater than the results from population-based studies in India (1.5%), England (4.0%) and Germany (4.7%), while it is less than the results of population-based studies in Saudi Arabia (9.3%), Greece (11.5%-17%) and Norway (6.3%) [6, 9, [15] [16] . Its prevalence amongst Asian has been reported to be lower than in Scandinavian [17] [18] [19] . In a North Chinese population, it was 2.38% in 3022 subjects over the age of 49 [17] . The Tanjong Pagar Survey reported an even lower prevalence of PEX (0.2%) in 1717 Chinese Singaporean adults aged over 39 [18] . Kim et al [19] concluded that it occured in 0.11% of 1000 South Koreans aged ≥50y. The prevalence of PEX across populations of different regions is shown in Table 5 .
If the age were limited to 50 and over in our study, the incidence of PEX that we observed increased to approximately 6.1%. When we compared the other countries' studies on the prevalence of PEX over the age of 50, our results were higher than Japan (3.4%) and Australia (2.3%), while they were lower than Finland (8.1%) and Iceland (10.7%) [20] [21] [22] [23] . When we evaluated results from 60 years of age and over, the incidence of PEX increased to a rate of 8.6%, and this rate was lower than the results of studies in Spain (13.1%) [24] . The prevalence of PEX was reported to be 12.1% in the Black Sea region (over 45), 11% in Istanbul (over 50), 7.2% (over 50) and 11.2% (over 60) in the Eastern Mediterranean (Adana, over 50) in previous hospital-based studies on the prevalence of PEX in Turkey [10] [11] 25] . These results were higher than what we found. Higher percentages in the results in these studies may be explained by the possibility of being hospital-based studies and from including more patients with high risks. The prevalence of PEX increased with age in all studies [9] [10] 16, 19, 26] . In our study, the mean age of participants with PEX was 69.1±9.9y, and the incidence of PEX also increased with age. The prevalence of PEX had the highest rates in 80 year old patients (18.4%), and this was 45.78-fold of the rates for ages 40-49. In our study, of 100 patients diagnosed with PEX, 53 (53.0%) were women and 47 (47.0%) were men. There are various results on gender distribution of PEX in the literature. While some studies report no difference [10, 27] , the others may suggest that PEX is more prevalent in men or women [26, [28] [29] . In our study, 38 (38.0%) of 100 PEX patients had EM in both eyes, and 62 (62.0%) had EM in one eye. Of 62 PEX patients Forsius et al [5] >50 99 Inuit population 0
Kozobolis et al [6] ≥40 777 Crete (Greece) 16.1 Aasved [9] >40 8537 England 4.0 Alpay et al [11] >50 200 Istanbul, Turkey 7.2
Summanen and Tonjum [15] ≥40 376 Saudi Arabia 9.3
Jonas et al [16] >30 4711 India 1.5
Foster and Seah [18] ≥39 1717 Singapore 0.2
Miyazaki et al [20] ≥50 1844 Japan 3.4
Forsman et al [22] >50 247 Finland 8.1
Arnarsson et al [23] ≥50 1045 Iceland 10.7
Romero-Aroca et al [24] ≥60 2342 Spain 13.1
Cumurcu et al [25] ≥45 831 Black Sea, Turkey 12.1
Shazly et al [26] ≥40 7731 Egypt 4.1
Rao et al [29] ≥45 1860 Pakistan 6.4
Young et al [35] ≥60 500 China 0.4
Yildirim et al (current study) >40 2009 Eskisehir, Turkey 5.0 who had unilateral involvement, 35 had right eye involvement, and 27 had left eye involvement. Some studies suggest that the rate of bilateral involvement is more than unilateral involvement [25] [26] , while there are studies that report unilateral involvement is more common [16] . The mean CCT of the non-PEX and PEX cases was similar. There are some studies that report no difference between PEX group and controls using Pentacam [30] , but the others report differences in CCT, both in eyes with or without glaucoma [31] . ACD of the right eyes of non-PEX cases was 2.82±0.66 mm, and it was 2.72±0.69 mm for the right eyes of PEX cases (P>0.05). The decreasing of ACD with age is well known [32] . There are studies that report that the ACD does not vary in PEX cases and controls [23, 33] , but Doganay et al [34] has reported significantly lower ACD measurements in PEX patients compared to controls. The prevalence of cataracts was significantly higher in PEX patients. Furthermore, the presence of PEX increased the risk of cataract development approximately 2.3-fold. This result shows a predisposition of cataracts in PEX patients and may be explained by the older age of PEX patients compared to non-PEX controls. Additionally, many studies reported that the development of cataracts was greater in PEX patients compared to non-PEX ones [10, 24, 26, 35] . The incidence of glaucoma was found to be 26% in PEX patients and 1.7% in non-PEX participants in our study, and a statistically significant difference was observed (P<0.001). These rates are high for some population-based studies (Saudi Arabia 19.0%) and low for others (Finland 31.5%, Spain 29.4%, Norway 30%) [15, 22, 24] . In Turkey, the incidence of glaucoma was found to be 34.3% in hospital-based trials in the Eastern Mediterranean Region and 18.0% in Istanbul [10] [11] . The rate of association of glaucoma and PEX was 26.0% in patients over 40, 26.5% in patients over 50, 26.8% in patients over 60, 30.2% in those over 70, and 55.6% in patients over 80. That means that the incidence increased with age. Many studies reported that the risk of glaucoma development increased with age [10] [11] . OHT was found in 1.0% in PEX patients and 0.5% in non-PEX participants, but these results failed to reach a statistically significant. The incidence of glaucoma and/or OHT was 28.8% in Greece and 17.0% in Sweden (populationbased studies), and it was 40.9% in Pakistan and 1.91% in the Black Sea Region of Turkey (hospital-based studies) [6, 25, 29, 36] . The cardiac ischemic disease, history of previous angioplasty and the use of anti-hypertensive and cardiac agents were significantly higher in our PEX cases. Our findings were consistent with the previous reports. The association of PEX and systemic diseases, such as HT, coronary artery disease, MI, peripheral artery disease, ischemic neurological disease, stroke and Alzheimer's disease, has been shown in various studies [3, 16, 20, [37] [38] [39] [40] . Ischemic brain diseases and Alzheimer were also more frequent in our PEX cases, but failed to reach a statistical significance. Our findings suggested that there was a significant relationship between PEX and the use of psychiatric agents. We did not find a study on the association of PEX and psychiatric diseases and/or the use of psychiatric agents in the literature. The increase in the incidence of the systemic diseases with ageing, deformation of the cranial perfusion and visual acuity loss can be related to the existence of the relationship between PEX and psychiatric diseases [37, 40] . In this study, the rate of hearing loss was 5.4% in non-PEX participants (n=103) and 34.0% in PEX patients (n=34). The majority of patients had sensorineural hearing loss, which was mild in 24 cases and moderate in 7. Some studies have shown significant relationships between PEX and sensorineural hearing loss [4, 26, 37] . In a study that included 51 PEX patients and 22 non-PEX controls in Turkey, hearing loss was found in 66.0% of PEX patients with a 67.5-year-old mean age and 38.6% in non-PEX controls with a mean age of 61 [41] . PEX is a common multifactorial disease that affects many people in all parts of the world. Older age, Scandinavian and Mediterranean race, genetic factors, solar radiation have been shown to be risk factors for PEX [2, 5, 19, 42] . It is not well known, why it is more common in certain races. It has been speculated that certain genes may increase the susceptibility of the Scandinavian race to PEX formation, while high ultraviolet exposure may be a predisposing factor in the Mediterranean race [42] [43] . The definite reasons for the lower prevalence among Asian populations have not been reported, but we think genetic, epigenetic and environmental factors may all contribute [2, 5] .
Eskisehir is located in the Central Anatolia region of Turkey and has a continental climate. The current prevalence (5.0%) is lower than those reported from the studies conducted in the coastal regions of Turkey. The Mediterranean race and sun exposure may explain the higher prevalence (11.2%) in the Eastern Mediterranean region of Turkey [10, 19, 42] . The Black Sea region of Turkey is located in the North part of the country and has an oceanic climate, similar to the Scandinavian countries. Common factors with the Scandinavian region may explain the results (12.1%) obtained in the Black Sea region [2, 5, 25] . This may be a research topic. PEX is an important public health problem, which is associated with many life-threatening complications of systemic diseases and the eyes. There are many worldwide studies on the prevalence of PEX. In our country, hospital-based data on PEX prevalence is present, but population-based data are not. Finally, population-based, randomized PEX prevalence over the age of 40 is 5.0% in Eskisehir, Turkey. This study will be helpful to compare with other worldwide study results.
